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1. 1.
INTRODUCTION
INTRODUCTION INTRODUCTION INTRODUCTION Generally the ambient temperature of concrete structures is expected to be at room values during construction and during their service life. Current design and construction codes take care of safety of these structures in relation to room temperature values [1] . At times the environmental temperature may increase extremely or fluctuate periodically, and often the design strength of the structure is significantly affected [2] . It has become imperative for engineers to be interested in the residual design strength of concrete subjected to high temperatures in order to form data base for performance at these elevated temperatures for practical research applications. Although empirical approaches of applying minimum concrete cover to take care of fire resistance has been the norm [3] , a more rational approach arising from statistical evidence is not out of place. A first step is to subject representative concrete cube mixes to a range of temperature variations above room temperature and observe the change in compressive strength achieved at various concrete ages. This paper presents the results of concrete cubes tests with respect to variation in residual compressive strength when subjected to temperature ranges from 100 o C to 300 o C at interval of 50 o C. Also, the moisture loss of the sample cubes was investigated as well as other minor characterization tests such as sieve analysis and specific gravity was conducted on the fine aggregate. However, the limitation of this study in terms of temperature range is between 100 o C to 300 o C due to available temperature equipment and the concrete grade is of 40N/mm 2 as lower grades of 25N/mm 2 and 30N/mm 2 have been investigated and reported elsewhere [4] . Curing ages are taken at 7 and 28days and the Department of Environment (DOE) mix design approach is used [5].
LITERATURE REVIEW
LITERATURE REVIEW LITERATURE REVIEW LITERATURE REVIEW From the literature reviewed in this study a number of works has been done on the effect of elevated temperature on pure or partially replaced concrete mixes. Due to space limitations, some of the most relevant ones are presented below. Stress-strain relationship of high strength concrete, HSC, (concrete strength in excess of 70Mpa) has been investigated and reported [6] . The variables considered in the experimental study included concrete strength, type of aggregate, and the addition of steel fibers. Cheng, et al [6] reported that tests show that plain HSC exhibits brittle properties below 600oC, and ductility above 600oC. HSC with steel fibers exhibits ductility for temperatures over 400oC. The compressive strength of HSC decreases by about a quarter of its room temperature strength within the range of 100-400oC. They also showed that surface concrete cracking is a visible type of damage that has significantly adverse effects on the mechanical properties and durability properties of concrete [6] . A study on the identification and quantification of surface cracking of concrete heated to different temperatures ranging from 105 to 1250ºC was carried out, in addition to the quantification of the residual compressive strengths of concrete after high temperature exposure; both initial surface absorption and total porosity were measured. The study as reported showed that crack density was determined using a flatbed scanner and then images were treated using paint shop program. The total porosity was obtained using American Society for Testing and Materials (ASTM) methods as reported. Further discussions pointed to the fact that the mechanical properties of concrete were largely affected by temperatures beyond 500°C and were very feeble when temperatures exceeded 1000°C. The surface cracks' density, initial surface absorption and total porosity by boiling methods gave a rapid indication on concrete durability from the report [7] . The effect of exposing carbon-fibered reinforced concrete to elevated temperatures on its bond strength with reinforcing steel bars have been investigated and reported [8] . Hassan [8] wrote that experimental program consisting of fabricating and testing of 54 pullout cubic specimens was prepared. From Hassan [8] , the specimens were divided into three groups to study the effect of addition of various amounts of discrete carbon fibre on its residual bond strength and the bond strength-slip response after exposure to temperature levels of 150°C, 250°C, 350°C,450°C and 550°C in addition to the room temperature. The carbon fibre content considered was 0.0%, 0.75% and 1.0% by weight of cement. In addition to the pull-out specimens, nine cubes having the same pull-out specimens' size (three from each concrete group mix) were tested in compression. It was concluded that the percentage residual bond strength after exposure to temperature level of 550 oC for the concrete reinforced with 0.75% carbon fiber by weight of cement (28%) is lower than that for plain concrete and the concrete reinforced with 1.0% carbon fibers which are the same (32%). There was no clear conclusion that could be obtained concerning the effect of changing temperature levels on bond-slip response of plain concrete and that reinforced with 0.75% and 1.0% carbon fibers [8] .
An experimental investigation was conducted to evaluate the influence of elevated temperatures on the mechanical properties, phase composition and microstructure of silica flour concrete [9] . The blended cement used in this investigation consists of ordinary Portland cement (OPC) and silica flour. The OPC were partially replaced by 0, 5, 10, 15 and 20% of silica flour. The blended concrete paste was prepared using the water-binder ratio of 0.5 wt% of blended cement. The fresh concrete pastes were first cured at 100% relative humidity for 24 hours and then cured in water for 28 days. The hardened concrete was thermally treated at 100, 200, 400, 600 and 800 oC for 2 hours. The compressive strength, indirect tensile strength, phase composition and microstructure of silica flour concrete were compared with those of the pure ordinary Portland concrete. The results showed that the addition of silica flour to OPC improves the performance of the produced blended concrete when exposed to elevated temperatures up to 400oC [9] . The utilization of pozzolanic materials such as fly ash (Fa) and calcined waste crushed clay bricks (CWCCB) as binders in ternary mixtures and the application of sisal fibre as reinforcing agent in ordinary Portland cement (OPC) concrete has received attention in recent years [10] . The compressive performance of four categories of 150mm concrete cube specimens were investigated comprising; (1) Control mix consisting of plain OPC concrete of 1:2:4 mix ratio ( one part OPC, two parts fine aggregate and four parts coarse aggregate). (2) Concrete specimens as in (1), but reinforced with 3% volume fraction of 40mm length sisal fibre. (3) Ternary mixtures of OPC, Fa and CWCCB at ratios of 50%, 30% and 20% of total binders respectively, with same fine, coarse aggregate and sisal fibre content. (4) Ternary mixtures of OPC, Fa and CWCCB at ratios of 50%, 20% and 30% of total binders respectively, also with same fine, coarse aggregate and sisal fibre content. Water/binder ratio for all mixtures [11] . Numerical investigations were carried out on steady state and transient state models using the 'Finite Element Analysis Programme' (FEAP). The investigations included observing the effect of degraded coefficient of thermal expansion and modulus of elasticity of concrete with and without the inclusion of the effect of transient thermal creep (assumed equivalent to the effect of thermo mechanical strain) on the behaviour of concrete, observing the relevance of the transient thermal creep on the behaviour of concrete and observing the effect of sustained compressive stress on the temperature dependent compressive strength of concrete. The study showed that the model predictions fit the experimental results and confirmed i) the absence of transient thermal creep in steady state specimens, ii) that the coefficient of thermal expansion and modulus of elasticity of concrete are degraded at elevated temperatures, iii) that the coefficients of thermo mechanical strain and free thermal expansion changed respectively at 469oC and 619oC and iv) that the critical temperature of concrete decreases with increase in the magnitude of the sustained compressive stress [11] . An investigation presented the results of a study on the effect of polyester fiber reinforcement on the residual compressive strength of normal-strength concretes subjected to sustained elevated temperature [12] . Two different volume fractions of polyester fiber were adopted in the concrete which was subjected to elevated temperatures of 1000 C, 2000 C, 3000 C, 4000 C, 5000 C, 6000 C, and 8000 C, sustained for 2 hours. This involved a total of 72 specimens containing 0%, 0.5%, and 1% volume fraction of 12 mm polyester fibers in a 150 mm concrete cube. For each concrete cube specimen, the test results include the residual compressive strength from destructive mode of assessment with Non Destructive Test results to follow. The test results showed that the addition of polyester fibers will contribute to the increase in the compressive strength depending upon the percentage of fibers present in it. Based on this research, it is observed that there is an increasing trend in the residual compressive strength of the normal strength concrete up to sustained elevated temperature of 4000 C due to the addition of polyester fibers at 0.5% volume fraction [12] .
MATERIALS AND METHODOLOGY MATERIALS AND METHODOLOGY MATERIALS AND METHODOLOGY
MATERIALS AND METHODOLOGY A number of literature reported (as summarized above) have shown that there is dearth of study reported for high strength concrete with local aggregates in Nigeria subjected to elevated temperature. This knowledge gap is one of the justifications for this study made from fine and coarse aggregates sourced from Benin City, Edo State, Nigeria. Materials applied to this study included the Ordinary Portland Cement (OPC) as aggregate binder, fine and coarse aggregate (granite), 12.5mmmaximum size, as well as portable water. The Riffler sampling method was used to sample the fine aggregate [13] . Thereafter sieve analysis test was conducted on the fine aggregate as well as specific gravity test for coarse aggregate characterization. A mix design approach as opposed to prescribed mix, using the Department of Environment recommendations [5] was selected as a standard design procedure and applied to the aggregates to arrive at an acceptable design mix after some trial mixes had been tested. Slump test was conducted to check the workability compliance and finally curing of the cubes in accordance with [14] at 7 and 28 days. Destructive test of three cubes at each temperature regime and age was performed using the Universal Testing Machine after the samples had been placed in a heating oven for an hour and according to the specifications of [15] . Thereafter the moisture loss as determined by mass measurement before and after heating of samples was obtained. Tables 1 and 2 respectively while the loss of weight as related to elevated temperature and age, are in Figure 1 .
The effect of elevated temperature on the compressive strength at 7 days and 28 days for concrete grade 40 as designed is shown in Figure 2 . Tables 1 and 2 The reasons for these results may be from the rapid loss of moisture which prevents long term hydration leading to increased strength. Other possible rational for loss of strength is the destruction of active strength generating ingredients such as the cement and aggregates [16] . Another reason postulated for the results experienced in this study is the one given by [2] which shows that the rapidly changing temperature field due to elevated temperature causes rapid changes in stress-strain relationship with that of lower temperatures. Elastic modulus and compressive strength decreases with increased deformation of the concrete material. Cracking and spelling effects are accelerated there by reducing the strength of the concrete at high temperatures [2] .
6. 6. 6. 6. CONC CONC CONC CONCLUSION LUSION LUSION LUSION The compressive strength of concrete decreases as temperature increases due to high dehydration of the calcium hydroxide in the cement as well as generating more water vapour thereby leading to strength reduction. Furthermore, loss of moisture reduces the weight as temperature increases .These are known facts from previous investigations [2] and [4] . However the essence of this study is to have a numerical database for Grade 40 concrete which did not form part of the earlier referred works so as to guide the design of concrete elements for this grade. For instance at the recommended design age of 28 days for a concrete grade of 40 investigated loss of strength at 30 o C of 53.47% and weight loss of 4.67% are significant. These points to the fact that more research is need for concrete at elevated temperatures to guide proper design of facilities in places where high temperature applications are needed in areas such as reactor vessels of nuclear facilities and buildings prone to fire accidents.
